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Abstract 
The purpose of this study was to examine divergent thinking on achievement in four areas of mathematics (geometry, arithmetic, 
algebra, statistics and probability). The sample consisted of 4545, 15-years old Turkish students whom participated in the PøSA-
2003 study. The participants completed a questionnaire and participated in mathematics test. ANOVA and MANOVA was used 
to identify differences if any among divergent thinker vs. non-divergent thinkers in four areas of mathematics. Results from this 
study indicate that divergent thinking ability plays an important role in achievement in mathematics. 
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1. Introduction 
     Creativity has become important construct in education, for instance, in England creativity entered into school 
curriculum (Craft, 1996; 2003; 2005). In Scotland, the National priorities, published in 2001, National Priority 5 
points out that “teachers will encourage creativity and ambition in their pupils” (HMIE report, 2006).  Furthermore, 
in “Curriculum for Excellence I” it is stated that “pupil need to be able to think creatively and independently to 
become a successful learners”(HMIE report, 2006) . 
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What is creativity? It is not is to answer this questions, because there is no a single definition of creativity that is 
accepted or used by the researchers. (Haylock,1987).However there is an agreement that divergent thinking, namely 
producing ideas as much as possible, is part of creative process.  (Haylock,1987; 1997;  Cropley, 2001) . In 
mathematics education numerous researchers (Haylock, 1987; Pehkonen, 1992;Imai,2001)   used divergent thinking 
to investigate creativity in the area of mathematics. According to Mann (2005) desire to explore alternative methods 
of solution is a characteristic of the potentially creative mathematical thinker. Torrance ( 1962) defines creativity 
“Creativity is the process of sensing gaps and disturbing missing elements; forming ideas or hypothesis concerning 
them; testing these hypothesis; and communicating the results; possibly modifying and retesting the hypothesis 
again ” (p.16).  
Creativity and mathematics has a natural connection (Jakubowski and Unal 2004; Silver, 1997). Divergent 
thinking is an important element of creativity.  “Creative people often have lots of ideas. The ability to generate a 
large number of ideas on a topic is one aspect of creative thinking. Although a large number of ideas is not 
necessarily valuable in itself, the ability to produce or brainstorm a large number of ideas is a helpful stage before 
further sifting or considering a range of options…..Creative thinking often produces a wide range of ideas. This 
involves thinking beyond the obvious ideas in any situation to explore a wide variety of options or possibilities. ” 
(HMIE report, 2006, p4). According to Silver (1997) “ …the number of formulations or reformulations generated or 
the number of different the number of different solution paths explored or solutions obtained. These are precisely the 
forms of cognitive activity assessed in tests of creativity ” (p.76). Hashimoto (1997) discuss that  “open-ended 
approach is one aspect of fostering mathematical creativity” (p.87) In this study we have investigated whether or not 
divergent thinking effects mathematical achievement. 
2. Study 
Our research based on the data from the 2003 Program for International Student Assessment (PISA) project, 
which investigated achievement in reading, mathematics and science among over a quarter of a million students 
from 41 countries. It includes not only information on their performance in the four main areas of assessment – 
reading, mathematics, science and problem solving – but also their responses to the Student Questionnaire that they 
complete as part of the assessment. Data from the school principals are also included. Details on the data, tests and 
sampling procedures can be found in the general and technical reports (OECD, 2003). 
A total of  4855 15-years old students from Turkey participated in the Programme for International Student 
Assessment (PISA) in 2003. The participating students completed questionnaires on home and school experiences 
related to learning mathematics, together with school administrators; this study examined the data from student 
questionnaire and student tests in mathematics. The participants were those who completed all questions in the 
students’ questionnaire related to this study and who participated in the mathematics test; this led to a final sample 
of 4545 students 
In this study we have used Anova and Manova using SPSS program. Variable in the study  was from PISA(2003) 
questionnaire; Learn new ways (ST34Q02) : “When I am solving mathematics problems, I often think of new ways 
to get the answer.” Rated on a 4-point Likert scale from 1 =strongly agree to 4 =strongly disagree. This variable 
indicates that looking at the problem form multiple perspectives according to student.  
 Based on the one way Anova analysis, there is a significant difference between students who uses divergent 
thinking (think of new ways to get the answer) and students that are not use divergent thinking modes. Table1 shows 
the differences below. 
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Table 1: One-way ANOVA on mathematics test score, geometry scores, algebra scores , statistics and probability scores and arithmetic.
          Sum of  Mean  
   Squares df Square F 
 Mathematics  
  Between 624326,9 3 208108,0 22,7* 
  Within 41633083,0 4541 9168,3  
  Total 42257410 4544   Geometry:
Space and shape  
  Between 551782,8 3 183927,6 22,1* 
                                                                      Within                 37739782        4541             8310,9   
 Total 38291565 4544    
 Algebra: Change and Relationship  
  Between 950829 3 316943 27,6* 
  Within 52188354 4541 11492,7  
  Total 53139183 4544   
 Statistics and Probability  
  Between 488409,6 2 162803,2 20,1* 
                                                                     Within 36767616 4541 8096,8   
 Total 37256026 4544   
 Arithmetic: Quantity  
  Between 675562,8 3 225187,6 21,4* 
                                                                      Within 47731867 4541 10511,3   
 Total 48407430 4544 208109 
P<0.01 
Table 2 : Descriptive Statistics
Mathematics Geometry   Algebra  Statistics & Arithmetic 
    Probability   
 N Mean SD Mean SD Mean.   SD Mean SD   Mean   SD 
Strongly agree 837 442,5 99,5 442,5 99,5 442,5 99,5 442,5 99,5 442,5 99,5 
Agree 2271 436,2 97,8 436,2 97,8 436,2 97,8 436,2 97,8 436,2 97,8 
Disagree 1226 428,2 92,2 428,2 92,2 428,2 92,2 428,2 92,2 428,2 92,2 
Strongly disagree 211 384,5 75,9 384,5 75,9 384,5 75,9 384,5 75,9 384,5 75,9 
Total 4545 432,8 96,4 432,8 96,4 432,8 96,4 432,8 96,4 432,8 96,4 
  
When we made the comparisons between girls and boys, boys outnumber the girls in terms of divergent thinking
(think of new ways to get the answer). Students’ mathematics achievement and divergent thinking skills, gender are
compared based on the regions of Turkey by using two way Anova (Manova). The differences were statistically
significant.  Girls’ mathematics achievement only in south east region of  Turkey are higher than the boys.   
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